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Abstract

In the literature, there are some data which indicate that benzodiazepines and other chemical compounds with the same mechanism of
action (Diazepam, Chlordiazepoxide, Lorazepam, Zopiclone, etc.) also have other effects. We investigated the effects of experimental
chronic inflammation under the administration of some tranquilizers and hypnotics on peripheral algesia induced in rats by “writhing test”.
Chronic inflammation was induced by “cotton wool granuloma” technique. The “writhing test” consisted in intraperitoneal injection of an
irritant agent (acetic acid 0.0025%, 0.4 mL). The animal reacts with a characteristic stretching behavior called writhing. A writhe is indicated
by stretching of the abdomen with simultaneous stretching of at least one hind limb. Then, the animals were placed individually into glass
beakers and 5 minutes were allowed to elapse. The rats were then observed for a period of 10 minutes and the number of writhes is
recorded for each animal. Three drugs were administered by gastric probe: Alprazolam 1 mg/kg, Zolpidem 10 mg/kg and Zopiclone
10 mg/kg. Alprazolam is a triazolobenzodiazepine derivative used as a tranquilizer. Zolpidem is an imidazopyridine with marked sedativehypnotic effect and it has the same mechanism of action like benzodiazepines. Zopiclone is a cyclopyrrolone with sedative-hypnotic effect
used as hypnotic and acts like benzodiazepines. After that, the animals were sacrificed and the weight of cotton wool granuloma was
determined. In the same time, the histopatological aspect of granulomatous inflammation was studied. It was found that experimental
proliferative inflammation under the action of these drugs was accompanied by a peripheral analgesic activity in “writhing test”.
The mechanisms of these effects are not fully elucidated. Some explanations are: they act as agonists or antagonists on algesia and
inflammation mediators and they have a stimulating effect on peripheral ω3-benzodiazepine receptors (“peripheral-type” receptors).
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 Introduction
The medical literature mentions very few data about
the analgesic or algesic effects of benzodiazepines or
other drugs with similar mechanism of action.
Alprazolam is a triazolobenzodiazepine derivative
used as a tranquilizer. It acts by binding to benzodiazepine binding sites on GABAA-receptors and
stimulates the inhibitory action of gamma-aminobutyric
acid (GABA) in CNS [1–7]. Tranquilizers are used in
the treatment of anxiety (in various types of neurosis,
depressions), in management of seizure disorders,
treatment of alcohol withdrawal syndromes, as central
skeletal muscle relaxants, as anesthetic premedication.
Alprazolam is also used in panic attacks [3, 5–9].
Zolpidem is an imidazopyridine with marked
sedative-hypnotic effect and acts like benzodiazepines

(BZD) by binding to BZD receptors and stimulating
the inhibitory activity of GABA in the central nervous
system [1–3, 5, 6].
Zopiclone is a cyclopyrrolone with sedativehypnotic, anxiolytic, anticonvulsant and myorelaxant
properties. It is used as a hypnotic and acts like BZD
(by stimulation of the central BZD receptors) [1–3, 5,
7]. In the literature, there are some data which indicate
that benzodiazepines (Diazepam, Chlordiazepoxide,
Lorazepam, etc.) also have other effects: they have the
property to lower the elevated serum lipids (the serum
total lipids, the total cholesterol and especially the
triglycerides) when they were raised by various methods
[10, 11]; they reduce hyperglycemia induced by intravenous administration of streptozotocin (due to stimulation of glucose uptake into tissues); some BZD stimulate
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fibrinolysis, decrease blood viscosity and have antiaggregant action. Previous investigations have shown
that Zopiclone also induces a very significant reduction
of total lipids, total cholesterol and triglycerides in
conditions of hyperlipidemia [10, 11].
Certain doses cause a decrease of blood glucose
level when it was increased. These effects are explained
probably by stimulation of peripheral benzodiazepine
receptors.
Zolpidem was also investigated in hyperlipidemia
induced by Triton WR–1339 administration. The results
were approximately the same as those induced by
Zopiclone.
In this paper, we present the results of the investigations of the effects of experimental chronic inflammation under the administration of these three drugs
(Alprazolam, Zopiclone and Zolpidem) on peripheral
algesia induced in rats by the writhing test.
 Materials and Methods
The experiments were carried out on Wistar rats of
both genders. The animals were divided into four
groups of six weighing 150–190 g (Table 1) and were
kept in normal laboratory conditions.
Table 1 – Study groups
Group no.

Characteristics

No. of animals

1.
2.
3.
4.

Control
Alprazolam
Zopiclone
Zolpidem

6
6
6
6

Group 1 (six animals) was the control group and
they were kept in normal laboratory conditions.
For a 3-day period, the animals in the other three
groups were administered different medications, as
follows:
▪ Alprazolam (1 mg/kg) was administered to the
second group (six animals) by gastric probe;
▪ Zolpidem (10 mg/kg) was administered to the third
group (six animals) by gastric probe;
▪ Zopiclone (10 mg/kg) was administered to the
fourth group (six animals), also by a gastric probe.
In the first day of the experiment, the animals were
also superficially anesthetized with ether until muscle
relaxation was observed.
Then, an experimental chronic inflammation was
produced using the “cotton wool granuloma” method.
After that, for 3 days, the animals were kept in normal
laboratory conditions.
In the 4th day, the “writhing test” [12] was applied to
each rat in these four groups consisting in: 0.4 mL of
0.025% acetic acid solution injected intraperitoneally in
each animal and the time of administration was noted.
Then, each animal was placed in a glass bowl.
After 5 minutes from the administration, the time of
the onset of abdominal contractions and the number of
contractions for a period of 10 minutes were noted.
After that, the animals were sacrificed and the
weight of the cotton wool granuloma was determined.
In the same time, the presence of the foreign body
inflammatory reaction studied.

The comparison was made between the control
group (with chronic inflammation and writhing test)
and the groups treated with drugs (with chronic inflammation and writhing test).
We compared the onset of abdominal contractions in
the control group and the groups treated with drugs, the
frequency of abdominal contractions in the control
group and the groups treated with drugs, and the weight
of the cotton wool granuloma in the control group and
the groups treated with drugs.
The statistical analysis was performed using the
Kolmogorov–Smirnov test, the Student t-test and the
ANOVA method [3, 5].
 Results
The time of the onset of abdominal contractions
in all groups (control group and groups treated with
Alprazolam, Zolpidem and Zopiclone) and the mean
time of muscle contraction onset was calculated
(Table 2 and Figure 1) [9].
Table 2 – Mean time of on traction onset
Group

Mean time [min] ± SD

Control
Zopiclone
Zolpidem
Alprazolam

2.50 ± 1.51
3.50 ± 1.38
1.83 ± 0.75
3.25 ± 1.17

Figure 1 – Mean time of contraction onset.

We compared the control group (with chronic
inflammation and writhing test) and the groups treated
with drugs (with chronic inflammation and writhing
test) (Table 3).
Table 3 – Comparison
contraction onset
Control
Control
Alprazolam
Zopiclone

between

mean

times

of

Alprazolam Zopiclone Zolpidem
0.778

0.591
0.989

0.832
0.300
0.178

There were no significant differences between the
control group and the groups treated with Alprazolam,
Zolpidem and Zopiclone and between the groups treated
with different drugs.
Then, we noted the number of abdominal muscle
contractions for a period of 10 minutes in each animal
from each group and the mean frequency of abdominal
contraction was determined (Table 4 and Figure 2) [9].
We compared the mean frequencies in the control
group and the groups treated with drugs (Table 5) [9].
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Table 4 – The
contractions
Group

mean

frequency

of

abdominal

Mean number of contractions/10 min. ± SD
470.50 ± 59.47
24.67 ± 2.31
137.83 ± 15.83
77.83 ± 8.36

Control
Zopiclone
Zolpidem
Alprazolam

Figure 2 – The
contractions.

mean

frequency

of

Control

Alprazolam Zopiclone Zolpidem
0.001*

0.001*
0.770

0.001*
0.699
0.196

Finally, the mean weight of the cotton wool
granuloma was determined three days after inducing the
experimental chronic inflammation by the “cotton wool
granuloma” method and after administration of these
three substances: Alprazolam, Zopiclone and Zolpidem.
In the 4th day the rats were sacrificed and the weight
of the cotton pellet was determined in each animal
(Table 6 and Figure 3) [9].
Table 6 – Mean weight of
granuloma” after three days

the

Table 7 – Comparison between the mean weights of
the cotton wool granuloma
Control
Alprazolam
Zopiclone

Table 5 – Comparison between mean frequencies
Control
Alprazolam
Zopiclone

and Zopiclone, as well as between the groups treated
with these substances (Table 7) [9].

Control

abdominal

“cotton
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Alprazolam Zopiclone Zolpidem
0.060

0.925
0.195

0.843
0.274
0.997

There are no significant differences between the
control group and the groups treated with Alprazolam,
Zolpidem and Zopiclone, and between the groups
treated with drugs. There is a small significant difference (p=0.06) between the Alprazolam group and the
control group, meaning that the weight of the cotton
wool in the group treated with Alprazolam is less than
the weight of the cotton wool in the control group.
Chronic inflammation induced by “cotton wool
granuloma” under the administration of Alprazolam,
Zolpidem and Zopiclone, was accompanied by a statistically significant decrease in the number of abdominal
contractions for 10 minutes, compared with the control
group. So, chronic inflammation under the administration of these substances was accompanied by a
peripheral analgesic activity in “writhing test”. The
mechanisms of these effects are not fully elucidated.
There are no significant differences between the groups
treated with the drugs. After the rats were sacrificed, the
histopatologic aspect of granulomatous inflammation
was studied as seen in the next figures. The appearance
of granulomatous inflammation obtained with the cotton
wool is shown in the next figures (Figures 4 and 5).

wool

Group

Mean weight [mg] ± SD

Control
Alprazolam
Zopiclone
Zolpidem

0.92 ± 0.07
0.81 ± 0.02
0.89 ± 0.06
0.88 ± 0.09

Figure 4 – Granulomatous inflammation characterized by foreign body giant macrophages (HE stain,
ob. ×40).

Figure 3 – The mean weight of the cotton wool
granuloma after three days.

The comparison between the mean weight of the
cotton wool granuloma was made between the control
group and the groups treated with Alprazolam, Zolpidem

Figure 5 – Foreign body granuloma (HE stain, ob.
×40).
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 Discussion
Chronic inflammation induced by “cotton wool
granuloma” under the administration of Alprazolam,
Zolpidem and Zopiclone was accompanied by a
peripheral analgesic activity in experimental peripheral
algesia induced by “writhing test”.
The mechanisms of action of Alprazolam, Zolpidem
and Zopiclone algesia are still unknown. No doubt, they
act as agonists or antagonists on algesia and inflammation mediators (histamine, prostaglandins, cytokines,
etc.) [13, 14].
Another explanation is the stimulation of peripheral
ω3-benzodiazepine receptors (“peripheral-type” recaptors) [15–17] that also explains other actions of these
substances (the hypoglycemic action in hyperglycemia,
the anti-hyperlipidemic action in hyperlipidemia).
These receptors are found in peripheral organs
including kidney, heart, several endocrine glands,
erythrocytes as well in the CNS.
They are located in the outer mitochondrial
membrane and are associated with a voltage-dependent
anion channel (VDAC) which is also referred to as
“mitochondrial porin”.
They have a role in steroidogenesis, immunity, cell
growth and differentiation, in cholesterol metabolism,
modulation of GABA action in CNS, etc. [9, 16–18].
 Conclusions
Chronic inflammation under the administration of
Alprazolam, Zolpidem and Zopiclone was accompanied
by a peripheral analgesic activity in “writhing test”.
There are no significant differences between groups
treated with these drugs.
The mechanisms of these effects are not fully
elucidated. Some of the theories are: they act as agonists
or antagonists on algesia and inflammation mediators
and they have a stimulating effect on peripheral ω3benzodiazepine receptors (“peripheral-type” receptors).
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